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Introduction 

The goal of this project was to develop an Evidence-based Clinical Decision Support System 
(CDSS-EBM) available at the point of care which will improve prognostication of life expectancy 
of terminally ill patients and facilitate the hospice referral process. In addition, the CDSS-EBM 
was expanded with an evidence based pain management module (EB-PMM) to assist physicians 
managing patients with pain. 

Body: 

Key research-related accomplishments: 

• We screened 1052 participants for eligibility and finally enrolled a total of 184 study
participants.

• The study was available to both English and Spanish speaking patients.
• We have successfully designed CDSS-EBM software to facilitate end of life care

decisions. Features of the software include: utilization of multiple prognostication
models, incorporation of the dual visual analogue scales for elicitation of regret,
elicitation of acceptable regret, incorporation of treatment effects in the decision
making calculations.  The details of the CDSS-EBM are published in a peer-reviewed
journal manuscript (See appendix: Extensions to Regret-based Decision Curve Analysis:
An application to hospice referral for terminal patients. BMC medical informatics and
decision making, 11(1), 1, 2011). The final version will be made available in the public
domain once the paper, which is submitted for publication, is accepted for publication.

• We have also successfully designed Evidence-based Chronic Pain Management Module
(EB-PMM) to complement the CDSS-EBM. The version is available in JAVA language (web
version) and for IpAD. The final version will be made available in the public domain once
the paper, which is submitted for publication, is accepted for publication.

• Over the period of the project we obtained approvals in terms of continuing review
reports from the University of South Florida (USF) Institutional Review Board on regular
basis and never missed a deadline. The study will be closed at IRB after the final report is
published.
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Reportable outcomes 

Publications in peer reviewed journals: (attached in appendices) 

Hozo I, Djulbegovic B, Luan S, Tsalatsanis A, Gigerenzer G. Towards theory integration: 
Threshold model as a link between signal detection theory, fast-and-frugal trees and evidence 
accumulation theory. Journal of evaluation in clinical practice. 2016 Jan 1. 

Cucchetti A, Djulbegovic B, Tsalatsanis A, Vitale A, Hozo I, Piscaglia F, Cescon M, Ercolani G, Tuci 
F, Cillo U, Pinna AD. When to perform hepatic resection for intermediate-stage hepatocellular 
carcinoma. Hepatology. 2015 Mar 1;61(3):905-14. 

Gil-Herrera E, Aden-Buie G, Yalcin A, Tsalatsanis A, Barnes LE, Djulbegovic B. Rough set theory 
based prognostic classification models for hospice referral. BMC medical informatics and 
decision making. 2015 Nov 25;15(1):98. 

Djulbegovic B, Tsalatsanis A, Hozo I. Determining optimal threshold for statins prescribing: 
individualization of statins treatment for primary prevention of cardiovascular disease. Journal 
of evaluation in clinical practice. 2015 Dec 1. 

Djulbegovic B, Elqayam S, Reljic T, Hozo I, Miladinovic B, Tsalatsanis A, Kumar A, Beckstead J, 
Taylor S, Cannon-Bowers J. How do physicians decide to treat: an empirical evaluation of the 
threshold model. BMC medical informatics and decision making. 2014 Jun 5;14(1):1. 

Hernandez JM, Tsalatsanis A, Humphries LA, Miladinovic B, Djulbegovic B, Velanovich V. 
Defining optimum treatment of patients with pancreatic adenocarcinoma using regret-based 
decision curve analysis. Annals of surgery. 2014 Jun 1;259(6):1208-14. 
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Gil-Herrera E, Tsalatsanis A, Kumar A, Mhaskar R, Miladinovic B, Yalcin A, Djulbegovic B. 
Identifying homogenous subgroups for individual patient meta-analysis based on Rough Set 
Theory. In Engineering in Medicine and Biology Society (EMBC), 2014 36th Annual International 
Conference of the IEEE 2014 Aug 26 (pp. 3434-3437). IEEE. 

Wao, H. O., Mhaskar, S. R., Kumar, A., Miladinovic, B., Guterbock, T., Hozo, I., & Djulbegovic, B. 
(2014). Uncertainty about effects is a key factor influencing Institutional Review Boards’ 
approval of clinical studies. Annals of Epidemiology, 24(10), 734-740.  
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Conclusions 
 

Main conclusions of our work include: 

1. We have developed a novel method for eliciting decision maker’s preferences based on 
regret theory, and which can facilitate decision-making in the end-of-life setting. We 
showed that the method accurately represent true patients’ preferences 85% of time 
and predict actual choice (continue treatment vs. choosing hospice) 71% of times. We 
have developed new tool (decision support system) , which can be easily integrated 
within clinical work-flow. 

2. We have applied our method successfully across all disease and have also have modified 
it and further tested it in the management of specific diseases including such 
intermediate HCC, pancreatic cancer, and statin use.  

3. We have extended our regret approach to derive the first dual processing model of 
medical decision-making that has potential to enrich the current medical decision-
making field. 

4. We have validated survival models using a novel family of flexible survival functions in 
the context of a web-based prediction tool. 

5. We showed that a flexible family of survival models predicts survival more accurately 
that the commonly used Cox proportional hazards model, by allowing for the flexible 
modeling of the baseline survival function. 

6. We performed an external validation of a web-based interactive prognostic tool using 
novel survival models. We established that for a model to be useful to hospice and 
palliative care researchers, it should report explicit risk scores and estimates of baseline 
survival to be combined with new patient information to provide guidance on how this 
should be done. 

7. Finally, and most importantly, we have successfully explored our theoretical framework 
to successfully develop new tools (software application) to facilitate decision-making in 
the end-of-life setting and hospice referral process.  

8. We have also developed a new theoretical framework about which we are particularly 
excited- we linked our regret threshold model with signal detection theory, fast-and-
frugal heuristics and evidence accumulation theory- and which we believe hold promise 
for decision-making applications across diverse medical settings. 
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Three manuscripts outlining our overall study findings are being submitted them for publication 
in peer-reviewed journals. 
 
The titles of these manuscripts are as below: 

• Eliciting people’s regret improves the decision-making at the end of life 
• Active treatment in the end-of-life setting does not prolong survival in comparison to 

palliative care and is associated with increased toxicity. A systematic review 
• External validation of performance of palliative performance scale (PPS) and modified 

PPS  

 
 

Next steps: 

Once all our publications are in the public domains, we hope to apply for funding from state 
and national agencies including the Department of Defense to continue our research in this 
field including scaling up our findings across diverse settings and institutions.  
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Appendix  

- Includes PDFs of all publications to date 

(provided in separate files) 
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Empirical testing of the regret-based threshold model in end of life care 
Athanasios Tsalatsanis1, Iztok Hozo2, Benjamin Djulbegovic1,3 for the Helping Clarify Peoples’ Choices in 
the End-of-Life Setting Research Group 
 
1University of South Florida, Tampa, FL USA 
2Indiana University Northwest, Gary, IN, USA 
3H. Lee Moffitt Cancer Center. Tampa, FL, USA 
 
Purpose: The threshold model represents one of the most important advances in medical decision-
making but it has never been empirically tested in real-life. We aimed to empirically test the regret-
based threshold model in the end of life setting where patients choose between hospice care and 
treatment. 
 
Methods: According to the regret-based threshold model there must be some probability of death 
(pDeath) at which patients should be indifferent (Pt) between hospice care (Hospice) and continuing 
treatment targeted at their disease (Rx). The model predicts that if pDeath>Pt, patients should choose 
hospice; if pDeath<Pt, they should opt for Rx.  We tested these predictions by interviewing 134 
terminally ill patients facing Rx vs. Hospice decisions.  We determined Pt by eliciting regret of omission 
(i.e. losing benefits of hospice care) and regret of commission (i.e. incurring harms from unnecessary 
treatment) using a dual visual analogue scale 1. We estimated pDeath over 6-month interval using the 
Palliative Performance Scale (PPS) and adjusted PPS prognostic model. We compared the regret-based 
threshold model recommendation to the patients’ choice at two different time frames: immediately 
after the interview and one month after the interview to study the patients’ preferences and actual 
choice of care. We used Cramer V (effect size) to calculate the strength of agreement between the 
model recommendations and the patients’ preferences and actual choice, respectively. 
 
Results: We observed statistically significant agreement between the model recommendations and the 
patients’ stated preferences (p<0.0001).  Out of 134 patients 111 (83%) agreed with the model 
recommendations immediately after the interview, 6 patients (4%) disagreed, and 17 (13%) were unsure 
about their preferences (figure). This converts into very large effect size (0.84).  111/134 patients were 
approached one month after the interview to determine what type of care the patients actually chose: 
59 (53%) chose according to the model recommendations; 39 (35%) chose a different option than the 
model’s recommendation; and 13 (12%) patients remained unsure. While the association remains 
statistically significant (p=0.0067), the effect size dropped to 0.21 indicating medium effect.  
 
Conclusions:  The regret-based threshold model strongly predicts what patients think they would want 
(preferences) and moderately predicts the patients’ actual choice.  This is the first empirical study 
testing the threshold model in a real-life setting.  
 
 
 



 
Figure. Agreement between patient preferences and regret threshold model recommendation. Effect 
size 0.84. 
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Empirical evaluation of the acceptable regret model of medical decision- making 
 
Athanasios Tsalatsanis1, Iztok Hozo2, Benjamin Djulbegovic1 
(1) University of South Florida, Tampa, FL, (2) Indiana University, Gary, IN 
 
Purpose: The acceptable regret model postulates that under specific circumstances decision makers may 
tolerate wrong decisions [REF]. The purpose of this work is to empirically evaluate the acceptable regret 
model of decision-making in end-of-life care settings, where terminally ill patients are torn between 
decision to seek curative treatment vs. accepting hospice/palliative care. 
 
Methods: We conducted interviews with 23 patients enrolled in the study assessing their preferences 
about treatment choice in the end-of –life setting. After providing information about their life 
expectancy and assessing overall regret of potentially wrong choice [CITE DVAS], we elicited the 
patients’ level of acceptable regret. We first assessed  the patients’ tolerance for wrongly accepting 
hospice care and then measured the patients’ tolerance toward continuing unnecessary treatment. For 
the purposes of our study, a treatment was considered unnecessary if a patient dies within 6 months of 
the treatment. Accepting hospice care was considered a wrong decision if a patient survives longer than 
6 months after the referral to hospice. We use the elicited acceptable regret levels to compute: 1) the 
probability of death above which a patient would tolerate wrongly accepting hospice care and 2) the 
probability of death below which the patient would tolerate unnecessary treatment.  
 
Results: We found that the median probability of death above which a decision maker would tolerate 
wrongly accepting hospice care is 98%, while the median probability of death below which a decision 
maker would tolerate unnecessary treatment is 4%. The results indicate that patients do require high 
level of certainty to make a decision to be comfortable with potentially wrong decision (<4% and >98%, 
respectively). We also found that there is no statistical association between the values of acceptable 
regret related to wrong hospice referral (mean=1.68; SD=2.3; min=0; max=7.28) are different than the 
values associated with unnecessary treatment (mean=1.27; SD=1.97; min=0; max=6.58) (p>0.05). This 
finding shows that patients accept wrong competing decisions at similar levels.  
 
Conclusions: We have elicited preliminary empirical data that corroborated the acceptable regret 
theory. Our results may explain why has been so difficult to provide palliative care in the end of life 
setting.  
 
 
Findings:  
 
1.  
Probability of death below which a patient would tolerate unnecessary treatment 
Variable          Obs        Mean     Std. Dev.        Min Max 
Ptreatmentall         23    .0512536     .0585191          0    .2358326 
 
 
2.  
Probability of death above which a patient would tolerate wrong hospice referral 
Variable Obs Mean  Std. Dev. Min  Max 
Phospiceall 23 .9335378 .0862881 .7039439 1 
 



 
3.  
As shown by 1 and 2, the majority of patients will accept wrong decisions when events are almost 
certain (~2% or ~98%). 
 
4. 
Acceptable regret Rx 
  Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
        RgRh |        23    1.274084    1.970447          0   6.584267 
 
 
5.  
Acceptable regret hospice 
  Variable |       Obs        Mean    Std. Dev.       Min        Max 
-------------+-------------------------------------------------------- 
        RgRb |        23    1.685227    2.348523          0     7.2814 
 
6. 
From 4 and 5, there is no significant difference between the means or SD for RgRh and RgRb  (t-test) 
 
7. 
There is no significant difference between the means or SD for RgRh and RgRb enrolled to hospice 
subgroups (t-test) 
 
  



ABSTRACT 
 
Background: Pancreatic adenocarcinoma is a disease which has both an overall poor prognosis and 

treatment which can carry significant morbidity and even mortality. Because of this, physicians are 

frequently left with a difficult choice of being passive and allowing the disease to run its course, or be 

aggressive with the potential for significant high-quality survival, but also the potential of significant short-

term complications.  Physicians may regret either choice if the outcome is poor.  Regret theory serves as 

a framework linking both rationality and intuition, in order to determine an optimal course of action 

physicians and surgeons caring for patients with pancreatic adenocarcinoma.  

 
Methods: Based on previous work, we generated a Cox regression model using four variables which have 

been shown to impact overall survival for patients with pancreatic adenocarcinoma: Pretreatment stage, 

resection, pretreatment vitality, and pathologic stage.  We then evaluated the model using regret based 

decision curve analysis (regret DCA), which translates the probability estimated by the model to a decision 

by taking into account the decision maker’s preference expressed in terms of threshold probability.  By 

taking into account decision-maker’s preferences, the analysis modeled three possible choices:  always 

perform surgery on all patients, never perform surgery in any patient, and act according to the prediction 

model. 

 
Results: 153 consecutive patients with pancreatic adenocarcinoma of all stages were seen and evaluated 

by a single surgeon at a tertiary referral center. Preoperative stage (p=0.005, CI 1.19-2.27), resection 

(p=0.007, CI 0.27-0.82), vitality (p<0.001, CI 0.96-0.98) and pathologic stage (p<0.001, CI 3.06-16.05) were 

each independent predictors of overall survival.  As seen in figure 1, for a threshold probability <50% 

(decision maker considers failing to operate more regretful than unnecessary surgery treatment), the least 

regretful decision and therefore the optimal decision is to operate on all patients regardless of the model 

prediction. For a threshold probability >50% (decision maker considers administering unnecessary surgery 

more regretful than failing to operate), the optimal decision is to follow the recommendations of the 

model and contrast the threshold probability (i.e., decision-makers’ preferences) to the model’s 

prediction of death. Specifically, for a threshold probability > 50% treatment should be administered if 

the probability of death as predicted by the model is greater than the threshold probability, and treatment 

should be held if the probability of death is less than the threshold probability.  

 
Conclusions:  Regret theory in conjunction with regret based decision curve analysis provides a novel 

perspective in treatment in decisions by incorporating the decision-maker’s preferences with his/her 



estimates about benefits and harms of performing surgery. We used this framework to analyze the 

decision to operate on patients with pancreatic adenocarcinoma.  In this setting, surgery is always the 

preferable choice when regret of failing to operate is greater than the regret of unnecessary surgery.  

Conversely, when the regret of performing unnecessary surgery is greater, the surgeon should adhere to 

the survival prediction models. 

 
 

 
Figure 1. Regret based Decision Curve Analysis for a Cox model developed to predict survival for patients 
suffering from pancreatic adenocarcinoma. In regret DCA, the optimal decision is the action which will 
bring the least amount of regret in case it is proven wrong, in retrospect. Therefore, for threshold 
probabilities less than 50%, the optimal decision is to operate on all patients while for threshold 
probabilities greater than 50% the optimal decision corresponds to utilization of the prediction model. 
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Program: Oral and Poster Abstracts 

Session: 901. Health Services and Outcomes Research: Poster III 
 
Monday, December 12, 2011, 6:00 PM8:00 PM 

Hall GH (San Diego Convention Center) 
 

Rahul Mhaskar, MPH, PhD1*, Branko Miladinovic, PhD2*, Athanasios Tsalatsanis, PhD2*, Alfred Mbah, PhD2*, Ambuj 
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3University of South Florida, College of Medicine, Center for Evidence Based Medicine, Tampa 
4HPC healthcare, Tampa, FL 
5HPC Healthcare, Tampa, FL 
6Center for EvidenceBased Medicine & Health Outcomes Research, University of South Florida, Tampa, FL 

 

 

Background:  Over one million Medicare beneficiaries receive hospice care annually. However, besides the 

well documented advantages of hospice, many Americans do not enjoy maximum benefit from the hospice 

care. The fundamental reason for this is related to the inappropriate and poorly timed referral of terminally 

ill patients to hospice. As a result, many patients die within a few days of referral, while some live many 

years after the referral was made. Improvement in the accuracy of prognosis translates into superior quality 

of care. Predictions based on statistical modeling have been shown to be superior to physicians' 

prognostication. However, very few of these statistical models have been externally validated in terminally ill 

patients.  Here we report the external validation of 5 most commonly used prognostication models in a 

cohort of terminally ill patients: 1) declining exponential approximation of life expectancy 

(DEALE) 2) study to understand prognoses and preferences for outcomes and risks of treatments (SUPPORT), 

3) adjusted palliative performance scale (PPS), 4) adjusted Karnofsky performance scale index (Karnofsky) 

and 5) adjusted eastern cooperative oncology group performance status (ECOG). 

Methods: We retrospectively extracted data from 590 deceased patients enrolled in Tampa Bay Lifepath 

Hospice and Palliative Care starting January 2009 and going backwards to validate the prognostic models. Two 

research assistants extracted all data necessary to populate the model variables and two faculty members 

randomly checked 25% of the data for accuracy. The models were tested against observed survival duration. 
PPS, Karnofsky and ECOG risk scores were predicted using a flexible family of RoystonParmar parametric 

models and adjusted for age, gender and presence of cancer. We utilized several metrics to assess the 

performance of these models. Specifically, we used the Brier score and scaled Brier score (which is very similar 

to the Pearson correlation coefficient R2), the area under the receiver operating characteristic curve (AUROC), 
and the HosmerLemshow goodnessoffit pvalue (HL). 
 
Results: Brier scores were consistently below the noninformative level of 0.25 and AUROC significantly higher 

than the noninformative level of 0.5 for the adjusted PPS, Karnofsky and ECOG models (table 1). The HL 

pvalue was consistently greater than 0.1 only for PPS.  SUPPORT and DEALE models did not predict fit our 

data well for survival at day one and month one, two and six. The AUROC takes a value close to 0.5, even 

though the Brier scores were relatively low and HL p value greater than 0.05, this value is significantly close to 

0.5 for SUPPORT and DEALE models (table 1). 

 

Conclusion: None of the prognostication models accurately predicated survival among our cohort of terminally 

ill patients. However, PPS consistently performed best in predicting survival in terminally ill patients followed by 

Karnofsky and ECOG. 

 

 
  



 
 
 
  



A regret theory approach to decision curve analysis  

Iztok Hozo1, Athanasios Tsalatsanis2, Andrew Vickers3, Benjamin Djulbegovic2,4 
1Indiana University,2University of South Florida, Center for Evidence-based Medicine, 
3Memorial Sloan Kettering Cancer Center, NY and H. 4,Lee Moffitt Cancer Center & Research 

Institute, Tampa, FL 

Purpose: Decision curve analysis (DCA) has been proposed as an alternative method for 

evaluation of diagnostic tests, prediction models, and molecular markers [MDM 2006;26:565]. 

We re-formulated DCA from the regret theory point of view to take into consideration decision 

consequences [MDM 2008;28:540]. 

Methods: First, we constructed a classic decision tree describing three decision alternatives: 

treat, do not treat, and treat/no treat based on a predictive model. We then computed the 

expected regret for each of these alternatives as the difference between the utility of the action 

taken and the utility of the action that should have been taken, in retrospect.  We evaluated the 

expected regret(s) for the tree using different weightings regarding regret associated with 

“omissions” (e.g. failure to treat) vs. “commissions” (e.g. treating unnecessary). For any pair of 

strategies, we measure the difference in net expected regret (NERD), by subtracting the 

expected regret of each alternative from the other. Finally, using the concept of acceptable 

regret-the range at which potential regret associated with wrong decisions becomes acceptable- 

we identified the circumstances where acting on a given strategy will be acceptable even if the 

decision was wrong. 

Results: We first showed that NERD is equivalent to net benefits as described in the 

original DCA. The regret re-formulation of the original DCA model showed an 

asymmetry in decision-making. That is, the decision-maker seems to weigh (=the 

threshold probability at which a decision-maker is indifferent between two actions) regret 

associated with failure to treat much higher than the regret related to unnecessary 

treatment. This is because the decision-maker weights true positive results to a much 

greater extent than false-positive results. Similarly, different attitudes toward omissions 

vs. commissions identified different circumstances when the decision-maker can “live 

with” regret even if the decision was wrong, in retrospect. The symmetry in the 

decision-making was re-instated when the weighting for false-positive and false-

negative results was identical.  
Conclusions: We present an alternative derivation of the DCA based on regret theory. Under 

assumptions of unequal weighting, the regret approach generates identical results to the 

original DCA.   The regret approach may also be intuitively more appealing to a decision-

maker, particularly in those clinical situations when the best management option is the one 

associated with the least amount of regret (e.g. treatment of advanced cancer, etc). 
  



ANTICIPATORY REGRET OF COMMISSION BUT NOT OMISSION LEADS TO LOW POSTDECISIONAL REGRET 

IN TERMINALLY ILL PATIENTS  

Benjamin Djulbegovic1 , Jason Beckstead2 , Athanasios Tsalatsanis1 , Rahul Mhaskar1 , Alexandra 

Flynn3, Orlando Fabelo4 , Howard Tuch5 , Ambuj Kumar1 , Elizabeth Pathak6 , Iztok Hozo7 , Paul 

Jacobsen3 1 Medicine, Division of EBM, University of South Florida, Tampa, United States, 2 College of 

Nursing, University of South Florida, Tampa, United States, 3 Health Outcomes & Behavior, H. Lee 

Moffitt Cancer Center and Research Institute, Tampa, United States, 4 Clinical Research, TGH, Tampa, 

United States, 5 Palliative Medicine, University of South Florida, Tampa, United States, 6 Medicine, 

Division of EBM, University of South Florida, Tampa, United States, 7 Mathematics, Indiana University, 

Gary, United States Background:  

A substantial body of the literature in nonmedical domains indicates that, when making their choices, 

the people tend to be regret averse: they anticipate regret to avoid post-decisional regret. In the 

terminal phase of life, the patients face regret of omission (failure to accept referral to hospice, which 

may help alleviate unnecessary suffering) and regret of commission (continuation of potential harmful 

treatment). We sought to determine which of these types of regrets represents a regret-minimizing 

strategy leading to lower post-decisional regret. Methods: Thirty-two patients in the terminal phase of 

their lives consented to the study. The preferences were elicited using the regret-based Dual Visual 

Analog Scale within the framework of the regret threshold model to help a patient decide between 

hospice referral versus continuation of disease-oriented treatment. We also recorded the patients’ 

actual choices regarding further management and compared them with the model’s recommendations. 

One month later the Decision Regret Scale was administered to obtain the assessment of post-decisional 

regret. Results: Scores on the Decision Regret Scale showed high coefficient reliability (Cronbach’s alpha 

= 0.953). Scale scores had a moderate negative correlation with regret of commission (r = −0.494; p = 

0.004) but a weaker correlation with regret of omission (r = −0.229; p > .05). Regret of omission had a 

negative correlation with the threshold probability (r = −0.646; p < 0.001) (probability of death at which 

the patient is indifferent between hospice referral and further treatment), whereas regret of 

commission had a positive correlation with the threshold probability (r = 0.480; p = .005). The 

relationships appear to be moderated by whether the model’s recommendations were consistent with 

patient’s actual choices, although this was not tested due to the restricted size of our sample. 

Conclusions: Our results obtained in the setting with the patients undergoing high-stakes decisions 

indicate that the riskier strategy of continuing potentially harmful treatment with low chance of benefits 

is associated with high anticipated regret of commission, which, however, in turn led to lower post-

decisional regret. This result is consistent with the notion that terminally ill patients would rather accept 

the riskier (“leave no stone unturned”) than the safer strategy to feel less regret. 
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